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Department of Dermatology, School of Medicine, Juntendo University, Hongo, Bunkyo· lw, Tokyo, Japan 
The pathogenic role of pemphigus a utoantibodies and 
proteinases in epidermal acantholysis has been studied 
in organ cultures of normal human skin. Dose-dependent 
acantholysis occurred in skin explants cultured in m e-
dium containing 2-30 mg/ml of y-globulin from pemphi-
gus serum. Acantholysis was not seen in explants cul-
tured with 2 mg/ ml pemphigus y-globulin although an-
tibody binding to th e epidermis was observed. Some 
degenerative changes in a ddition to acantholysis w ere 
present when 30 mg/ml pemphigus y-globulin was added 
to t he medium. 
The addition of N,ethylmaleimide(NEM) and ethylene 
diamine tetraacetate(EDTA) prevented binding of pem-
phigus antibody to epidermis in culture. Soybean trypsin 
inhibitor and pepstatin had no effect on binding ofpem-
phigus antibody to the epidermis but they did inhibit 
acantholysis in vitro. Our r esults suggest that pemphi-
gus-induced acantholysis may be caused by at least 2 
different types of enzym e. 
Pemphigus is a severe blistering disease of t h e human skin 
t hat is chal'acterized by the production of cil'culating a u toan t i-
bodies directed against t he epidermal intercellular cem ent s ub-
stance (or membrane) [1,2]. Numerous studies have discussed 
t heil' clinical significance [3] a nd investigated t h eir role in th e 
pathogenesis of th e disease [4]. Mich el and Ko [5,6] , Schil tz 
a nd Mich el [7], oth~)'s [8,9] have shown that th e normal huma n 
or monkey skin expla nts grown in t h e presen ce of immunoglob-
ulin fro m pemphigus patients developed acantholytic ch a nges 
in t he epidermis. T here is good evidence t hat pemphigus a uto-
a ntibodies can produce acant h olysis without participation of 
complem en t [7,10]. 
Farb, Dykes, a nd Lazarus [11] reported , using a mouse epi-
dermal cell cult Ul'e system that pemphigus antibody induced 
t h e loss of cell adhesion by activation of a cellular serine 
proteinase. Schil tz, Mich el, and Papay [12,13] suggested th at 
acantholysis might be caused by a hydrolytic enzym e(s) active 
at pH 6.5 which was produced by epidel·mis. 
Schiltz, Hu, a nd Mich el [14] a lso r eported that when soybean 
trypsin inhibitor (final conc. 100 p.g/ml) was added to normal 
human skin expla nts cultured with IgG from pemphigus serum, 
acantholysis was not preven ted. Ou]' studies attempt to defin e 
t h e natUl'e of th e proteinase which migh t be inducing acantho-
lysis in cultured epide rmis which has been treated with pem-
phigus a ntibody. 
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MATERIALS AND METHODS 
Serum. and Imm.unoglobulin Fra.ction of Pemphigus Vulga.ris 
Sewm was obta ined from a patient with pemphigus vulgaris. The 
titer of pemphigus antibody was measw-ed by standru'd immuno!1u-
orescent techniques using normal human skin as substrate. The anti-
IgG titer was 1:128, while anti-IgM and anti-IgA were less than 1:10 
and were regarded as negative. Normal control sera were obtained from 
healthy adul t donors. All sera were stored at - 20°C and were heated 
at 56°C for 30 min prior to use. Immunoglobulin (Ig) fractions from 
pooled normal or pemphigus sera were prepared by mul tiple ammonium 
sulfate precipi tations (33% saturation), and the final Ig precipitates 
were dissolved in and dialyzed extensively against 5 mM Tris acetate 
buffered saline (0.85% NaCl, pH 7.5) at 4°C. T hese preparations were 
then dialyzed against deionized water and lyophilyzed. 
a/gan Culture 
Organ cul ture was carried out by the method of Sarkany, Grice, and 
Cru'on [15]. Normal human breast or abdominal skin obtained from 
surgery was ul5ed in these experiments. The skin was sliced to a 
thickness of about 0.5 mm and cut in to approximately 2 X 2 mm pieces. 
These pieces were placed dennis side down on 20 x 20 mm paraffm-
rimmed lens paper "rafts. " T he rafts were !1oated on top of the cultm'e 
medium (1.0ml final volume) in culture dishes and cuItw-ed in a humid 
atmosphere conta ining 5% CO2 in air. The cul ture medium u ed was 
Eagle's minimum essentia l medium containing 60 I'g/ ml of kanamycin. 
Several concentrations of y-globulin prepru"ed from patients and normal 
volunteers were added to the cul ture medium. 
Concentra.tion Effect of Pemphigus y·globulin on the Production of 
Epiderm.a.l Aca.ntholysis in vitro 
Skin explants were cultured fo r 12, 24,36,48 and 72 h I' in the mediu m 
containing 2, 5, 10, 20 and 30 mg/ ml (final conc.) of pemphigus y-
globu lin . Following each cul ture t ime, the skin specimens were exam· 
ined by 'regular histological (hematoxylin and eosion stain) and direct-
immuno!1uorescence methods. IgG was visualized using !1uorescein-
conjugated goat-antihuman IgG (Hyland Labs). As contro ls, skin was 
cultmed in medium conta ining 10 mg/ ml of normal human y-globulin 
and examined by same procedures. 
Effects of Proteina.se Inhibitors on Epiderma.l Acantholysis by 
Pemphigus y·globulin 
Soybean trypsin inhibitor(SBTI; Sigma) , pepstatin A (Peptide Insti· 
tute Protein Reseru'ch Foundation, Osaka, Japan, #280122), ethylene-
diaminetetra-aceta te (EDTA: Sigma), and N-ethylmaleim ide (NEM; 
Sigma) were added at vru'ious concentrations to the medium containing 
10 mg/ml pemphigus y·globulin . SBT! was used at final concentrations 
of 75, 200, 1000, 2000, 5000 Ilg/ ml in the medium. Other inhibitors were 
used at the following final concentrations: pepstatin A (2, 20,40 Ilg/ m\) , 
NEM (0.1, 1.0 mM) , EDTA (0.01,0. 1 mM). 
RESULTS 
Concentration Effects of Pemphigus y-gloQulin (Table J) 
No remarka ble histologic or immunofluorescent findings were 
observed in t h e presen ce of 2 m g/ml pemphigus y-globulin in 
skin cul tured over 3 days. In th e presen ce of 5 m g!ml pemphigus 
y-globulin, acan t holysis occurred at 36 hI' a nd increased with 
time; maximum acantholys is was observed at 72 hr. Maximum 
338 MORIOKA, NAITO, AND OGAvyA 
TABLE 1. Concentration effects of pemphigus y-globulin on the 
epidermal acantholysis in the skin explants 
Pemphigus y-globulin Cul ture time 
mg/ ml (Titer) 12 24 36 48 72 hr 
2 (x 8) 
5 (x 32) ± + +++ +++ 
10 (X 32) + ++ +++ +++ 
20 (x 64) ± + +++ +++ +++ 
30 (x 128) ± + +++ +++* +++* 
Control (Norma l (x 0) 
y-gl. 10 mg/ ml) 
- : no acantholysis; ± : minimal acan tholytic changes; +-+++: acan-
tholysis; * : with some degeneration of epidermis. 
immunofluorescence of the inter-cellular spaces of cul tured skin 
was observed at 24 hr then decreased with time. Similar histo-
logic and immunofluorescent findings could be observed in 
expla nts cultured with 5 to 20 mg of pemphigus y-globulin. In 
the presence of 30 mg/ml of y-globulin acantholytic change 
increased for 36 hr; after 36 hI' degradative changes such as 
vacuolation appeared and were maximal at 72 hr. 
Several Proteinase Inhibitors Effects on Epidermal 
Acantholysis by Pemphigus y-Globulin (Table II) 
Val'ious concentrat ion of proteinase inhibitors (SBTI, pepsta-
tin A, NEM and EDT A) were added to the medium which 
contained 10 mg/ml of pemphigus y-globulin. At low concen-
tration of SBTI (75, 200flg/ml), pepmphigus y-globulin induced 
acantholysis was not inhibited . Acantholysis was inhibited by 
high concent ration of SBTI, and complete inhibition was ob-
served at 2000 flg/ml (90 f1.M) of SBTI (Fig 1). Whereas the 
inhibition of acantholysis was observed at 40 flg/ ml (57 flM) of 
pepstatin A (Fig 2). Pemphigus y-globulin was bound to epi-
dermal ceUs in all · skin expla nts cultured with the various 
concentrations of SBTI and pepstatin A. In skin explants cul-
tured with NEM and EDT A acantholysis was completely in-
hibited even 'at low concentrations of t hese 2 reagents. Inter-
estingly, there was no binding of pemphigus antibody to the 
epidermal cells when EDT A and NEM were used. Furthermore, 
t here appeared to be cell damage such as vacuolation and 
dyskeratosis when NEM at 1.0 mM was used; this concentration 
appears to be a toxic dose (Fig 2-f). 
DISCUSSION 
Whole [5,8,9,16] or diluted [17] serum from pemphigus pa-
t ients can produce the characteristic histologic lesions of pem-
phigus in organ cultures of human and monkey skin. Schiltz 
a nd Michel [7] demonstrated that the IgG fraction from the 
pemphigus serum was responsible for acantholysis, and this 
occurred without participation of complement. Previously, we 
compared the histological changes in human skin specimens 
cultw'ed with whole sera and IgG fraction from the pemphigus 
patients. We reported that identical histological changes could 
be observed in tissues cultured with IgG fractions and pemphi-
gus serum. There was, however, subtle evidence of toxicity such 
as vacuolation of epidermal cells in tissue cultured with whole 
sera of pemphigus patient [10]. We, therefore used the y-glob-
ulin fraction of pemphigus sera in the organ culture studies 
presented. Our r esults clearly demonstrate that the degree of 
acantholytic change is dependent upon the concentration of 
pemphigus y-globulins added to the culture medium (Table I). 
Acantholytic change was not seen at concentrations below 2 
mg/mI, although antibody binding to the epidermis was present. 
At concentrations above 20 mg/ ml of pemphigus y-globulin the 
effect was similar to 10 mg/ml. Our results would support the 
clinical finding that the titer of pemphigus antibody tends to 
pal'allel the disease severity. Binder, Beutner, and Chorzelski 
[16] demonstrated that pemphigus-induced acantholysis was 
largely dependent on the titer of serum antibody in rhesus 
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TABLE II. E ffects of proteinase inhibitors on epidermal acantholysis 
by pemphigus y-globulin 
Proteinase inhibitors Cu ltu red t ime 
(fi na l concentration in med ium) 24 48 72 1u' 
Soybean trypsin inhibi tor 
75 f.Lg/ ml + +++ +++ 
200 f.Lg/ ml + ++ +++ 
1 x 10" f.Lg/ml ± ± 
2 x 10" f.Lg / ml 
5 x 10" f.Lg/ ml 
Pepstatin A 
2 f.Lg/ ml ± ± + 
20 f.Lg/ ml ± ± 





0.1 mM ± ± * 
1.0 mM 
None (Pemphigus y-gl. 10 mg/ml) + +++ +++ 
Cont rol (Normal y-gl. 10 mg/ ml) 
- : no acantholysis; ±, + - +++: acantholysis; *: denatures. 
monkey skin explants cultured with sera from 9 pemphigus 
patients. According to Schiltz, Michel, and Papay [12] in thei.r 
cell-cult w'e experiments pemphigus IgG produced a dramatic 
reduction in the total accumulation of newly synthesized pro-
tein, and this effect was antibody concentration-dependent . The 
acantholysis observed in our skin explants is relat ed to the dose 
of pemphigus y-globulins cultured with the explants. 
We studied the effect of 4 proteinase inhibitors on skin 
explants cultw-ed with 10 mg/ ml of pemphigus y-globulin 
(Table II) . Soybean trypsin inhibitor and pepstatin inhibited 
acantholysis in organ cultures and did not interfere with pem-
phigus ant ibody binding to the epidermis as determined by the 
direct immunofluorescence techniques. EDTA and NEM inter-
fered with antibody binding to the epidermis; these compounds 
also blocked acantholysis. Farb, D ykes, and Lazarus [l1J have 
shown that cultured monolayers of mouse epidermal cells grown 
in pemphigus serum became detached from the cultw-e plates 
more easily than cells grown in normal serum. They reported 
that these effects were prevented by soybean trypsin inhibitor 
(serine proteinase inhibitor) and Cl'2-macroglobulin (the univer-
sal proteinase inhibitor). They suggested that this phenomenon, 
as well as acantholysis might be mediated by activation of 
serine proteinase in epidermal ceUs [11]. Recently using organ 
cultw-e studies, Schiltz, Hu, a nd Michel [14] have shown that 
pemphigus-induced acantholysis was not prevented by soybean 
trypsi.n inhibitor at the same concentration (100 flg/ ml) used 
by Farb, Dykes, and Lazarus [11]; and they concluded that 
pemphigus acantholysis in human epidermis was not likely to 
be caused by a serine proteinase. Such a discrepancy may be a 
consequence of the difference between the monolayer and organ 
cultures in systems. Our studies have demonstrated that the 
concentration used by Schiltz, Hu, and Michel [14] was too low 
to cause inhibition of acantholysis in the skin explants, and that 
pemphigus-induced acantholysis may be caused by activation 
or/and synthesis of a serine proteinase. Our results using cul-
tured skin explants clearly showed the results that both of 
pepstatin and SBTI prevented the formation of acantholysis. 
Pepstatin is a potent inhibitor of cal'boxyl proteinases, such as 
cathepsin D, and does not inhibit serine proteinases. By con-
trast, SBT! is an inhibitor of serine proteinases and does not 
interfere with carboxyl proteinases. In light of these differences 
our results indicate the possibility that there are at least 2 
different types of enzyme acting in acantholytic system. Since 
Levine, Hatcher, and Lazarus [18] demonstrated the existence 
of cathepsin D and serine proteinases in the epidermis, fmdings 
may be relevant to acantholysis in vivo. By contrast the effect 
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• 
FIe 1. Normal human skin explan ts cultured for 48 hI' with 10 mg/ml of pemphigus y-globulin and several concentration of soybean trypsin 
inhibitor. Soybean trypsin inhibitor was added, (a) 75 Ilg/ ml, (b) 200 Ilg/ ml, (e) 1000 Ilg/ml and (d) and (e) 2000 Ilg/ ml as a fmal concentration in 
the medium. Acantholytic bullae formation was completely inhibited by adding soybean trypsin inhibitor in concentration up 1.0 mg/ ml (e & d). 
(e) Cultured epidermal ceUs were still alive since clear epibolus formation could be observed on the right side (arrow) . The frame portion 
corresponds with (d). (hematoxylin & eosin stained, a-d: x 320, e: x 100). 
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FIG 2. Normal human skin explants cul tured for 72hr with 10 mg/ml of pemphigus y-globulin and pepstatin A. Pepstatin was added (a) O/lg/ 
'ml as a control, (b) 2/lg/ml, (e) 20/lg/m1 and (d) and (e) 40 /lg/ml respectively. Acantholytic bullae formation was completely inhibited by adding 
pepstatin from the. conce'ntration up 20 /lg / ml (c and d). (e) Epibolizations were observed (arrow) and the frame portion corresponds with (d) . 
(f) Normal human skin explants cul tured for 24 h1' with pemphigus y-globulin (lOmg/ml) and N,ethylmaleimide (1.0 mM). There apperu'ed to be 
ceU damage such as vacuolation and dyskertosis. (hematoxylin & eosin stained, x 320 except e, x 150). 
of NEM a nd EDT A, were different from soybean trypsin inhib-
itor and pepstatin A, because. they interfered with a ntibody 
binding to the epidermis. In addit ion, NEM was cytotoxic 
against the whde epidermis in skin explants in cul ture. Using 
skin sections we reported [19] on· a new regulatory mechanism 
of pemphigus ant igen. We demonstrated that th e ex istence of 
,free -SH groups and CaH on the membrane of epidermal cell 
[20] is .necessary for binding of pemphigus antibodies [19], and 
that both NEM and EDTA rapidly destroyed pemphigus anti-
genicity in skin sections [19]. These data suggest that NEM and 
EDT A affect t he cultured epidermis by alteri ng pemphigus 
antigen a nd hence effecting binding of pemphigus antibody to 
. epidermal cells. 
Our studies indicate that pemphigus ant ibody produces acan-
tholysis in a dose dependent manner. ' Acantholysis can be 
inhibited by two different specific proteinase inhibitors sug-
gesti ng that hydrolases syn thesis or/and activation may be 
important in the pathogenesis of pemphigus. 
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